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Camouflage is essential for the survival of many animals.  Changes in 
the color of an organism’s habitat is associated with selection for colors 
that more closely match the new habitat1. The destruction of tropical 
forest changes habitat from primarily green to more brownish. In Central 
America, destruction of tropical forest is ongoing, and has already left 
much of southern Costa Rica with only about 15% forest cover. For 
organisms living in fragmented areas, there may be selection for body 
colors that match those of degraded habitats (brown), and selection 
against body colors that match intact forest (green).  We characterized 
color changes over a 9 year span for a species of Euglossine bee that 
has blue-green, greenish-orange, and orange bodies.  We hypothesized 
that there would be a decrease in the proportion of  blue-green bees 
over time across sites distributed throughout southern Costa Rica.  
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Key Findings:
• All colors were present throughout the range sampled (Fig. 2 shows 
color proportions in 2018), and were present in all years (Fig. 3).  
• For sites that had at least three specimens, we found the greatest 
proportion of blue-green bees in a site in 2010 (0.57), and the lowest 
in a site in 2017 (0). 
• There were significantly fewer blue-green bees per site during 2017 
and 2018 than in 2009 and 2010 (Estimate = -12.9; SE = 3.0; P < 
0.001) (Fig. 3). 
Introduction Results & Conclusions
Species, sampling & color characterization: 
• Euglossa championi is found from Mexico to Ecuador, is about 13 
mm, and pollinates orchids in 10 genera.
• We collected 1 – 49 male E. championi in sites throughout southern 
Costa Rica in 2009, 2010, 2017, and 2018 (Table 1).   
• We attracted bees using the chemical baits cineole and methyl 
salicylate.  These chemicals mimic those that naturally occur in 
orchids and that these bees collect to use in courtship of females.
• We counted the number of bees that were blue-green, greenish-
orange, or orange within each site for each year of samples (Fig. 1).
Statistical analyses:
• We used the R statistical language2 for statistical analyses, and all 
models were run using the lme4 package3.
• We first tested if the amount of blue-green bees differed between 
samples that were taken one year apart (modeling approach is 
described below).
• We found no differences between samples that were taken one year 
apart, and combined samples from 2009 and 2010 into an “early” 
category, and samples from 2017 and 2018 into a “late” category.  
• We tested if there were differences between early and late sampling 
categories using a linear model, with number of blue-green bees as 
the dependent variable, sampling time (early or late) as a fixed 
factor, number of bees sampled per site as an offset, and site as a 
random factor.  To evaluate if sampling time predicted the number of 
blue-green bees we compared models with and without sampling 
time using likelihood ratio tests.
Conclusions & Future directions: 
Habitat destruction has been shown to cause declines in bee 
abundance and species diversity4.  Bees living in habitat fragments 
may need to travel over degraded habitat to acquire adequate 
resources. This may expose them to increased predation, if their body 
color matches that of the degraded habitat less than that of the intact 
habitat.  The documented decrease in the number of blue-green bees 
is consistent with the hypothesis that there is selection against body 
colors of E. championi that do not match deforested areas. Future 
work will quantify how the proportion of landscape that is covered by 
forest changed over the past decade, and will also test the hypothesis 
that predation in deforested areas is higher for blue-green E. 
championi than for the other colors.
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Figure 2. Color proportions of E. championi observed in 2018 
within the seven different sample sites
Figure 1. Color variation in Euglossa championi: blue-green 
(left), greenish-orange (middle), and orange (right)
Figure 3. Color proportions of E. championi for each year
Table 1.  For each year, the number of sites sampled, bees of 
each color that were collected, the total number of bees 
sampled that year, and the proportion of blue-green bees. 
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Year Number of	sites Blue-green
Greenish-
orange Orange Total Prop
2009 7 13 8 24 45 0.29
2010 13 37 28 57 122 0.30
2017 6 11 15 59 85 0.13
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